INTRODUCTION
Ribosomal RNA of Physarum polycephaium 1s encoded on multiple copies of an extrachromosomal nucleolar satellite DNA molecule (1-7). Each rDNA molecule exists as a giant palindromic sequence, as demonstrated by electron microscopy of denatured rDNA fold-back structures (8) and by cleavage with restriction enzymes H1nd III and Eco RI (8,9). Since milligram quantities of rDNA can be isolated 1n nucleoli, together with associated histones and DNA-b1nding proteins, Physarum offers unique advantages as a system for studies involving ribosomal gene packaging and regulation. Most of these studies depend upon accurate mapping of the rDNA molecule. It is known that the rDNA carries genes coding for 5.8S, 19S, and 26S rRNA species, but not for 5S or tRNAs (6) 5.8S rRNA was purified from the 26S fraction of an rRNA preparation from a culture which had been labeled with 3 H-ur1dine. After heating for 2 m1n at 69°, 26S rRNA, dissolved in l.OmM EDTA, 0.5? SDS, 0.1M NaCl, 20% formamide and 5.0mM Tris-HCl, pH 7.4, was cooled to room temperature and recentrifuged through a 15%-30% sucrose gradient. All RNA smaller than 10S was pooled, and, after precipitation from cold ethanol, subjected to electrophoresis for 2.5 hrs throuth a cylindrical 5% polyacrylamide gel (20) . The gel was scanned at 265nm, and the RNA from the only detectable peak was eluted by incubating the gel section 1n 0.1M NaCl at 30° for 18 hrs. Purity of the eluted 5.8S rRNA was monitored by electrophoresis of an aliquot 1n the presence of added nonradioactive 4S and 5S markers in a 5? polyacrylamide gel. The remainder of the eluted 5.8S RNA was precipitated from 73% ethanol at -30°. filter. Filters wet with hybridization buffer were wrapped 1n Saran Wrap and Incubated for 18 hrs at 50*. After Incubation, filters were washed once with 50 ml of hybridization buffer at 50°, and rinsed 3 times with 2x SSC. Filters were then treated with ribonucleases A (Sigma; lOyg/ml) and Tl (Worthington; 5U/ml) for 1 hr at room temperature in 50 ml of 2x SSC, followed by 3 more rinses with 2x SSC. Filters were then dried under vacuum at 80° and autoradiographed using DuPont Cronex X-ray film. Table 1 .
RESULTS

R-loop mapping of
The data summarized 1n Table 1 show that more than 36J of 26S gene R-loops III.
IV.
V.
Frequencies in an
No. Restriction mapping of Physarum rDNA. Purified rDNA was digested with several restriction enzymes used either singly or in combination. Following electrophoresis on 1.0* or 1.4% agarose gels, fragments were sized by comparison of mobilities with those of fragments generated by phage \ DNA digested with Table 2 . One result of this study is that for each enzyme (excepting Pvu II) the terminal rDNA fragment 1s visualized as a diffuse band varying in size by +300 base pairs. In the case of Pvu II, the terminal fragment is too diffuse to visualize readily. This was true whether rDNA was prepared by extraction of nucleolar DNA as described or by selective extraction of rDNA from intact plasmodia (1), which eliminates possible DNase activity. Also note in Table 2 that no band size is given for-a Hpa I segment extending from 17.9 to 21.2 kb from the ends of the molecule. This segment is digested to multiple fragments less than 0.2 kb in length, as measured by polyacrylamide gel electrophoresis.
5-loop structures
*In the interest of brevity mapping data are not presented here, but are avail able upon request. Fig 4) , the length of the 26S gene may be as long as 6.4 kb--cons1derably longer than the approximately 4.1 kb required to code for 26S rRNA. These data are consistent (22-24) . Heterogeneity 1s evident in the Xho I b fragment, which hybridizes to 26S RNA (Fig 4) . Fig 4, notably Table 2 , and hybridization mapping results are shown in Fig 4. secondary structure at the rDNA termini, detected as branching in electron micrographs of spread rDNA molecules (Figs 1 and 2) . Approximately 30% of Identifiable ends possess such structures. Nearly 80* of branched ends are bifurcated, as seen in the bottom panel of Fig 2, and the remainder are trifurcated, as seen  in Fig 1. Such regions of secondary structure are not seen when the rDNA 1s spread directly in 50% formamide without prior heating. Nor has secondary structure of single stranded ends been noticed when rDNA is completely denatured and allowed to fold back (data not shown). The rDNA segment distal to the 26S gene comprises 5.37 ± 0.88 kb as measured electron microscopically. This length variability is higher than that observed for other rDNA regions (Fig 3) and, allowing for a measurement error of <10%, 1s consistent with a terminal heterogeneity of ±300 base pairs, as observed 1n restriction enzyme digests (F1g 4).
Considered 1n view of the other data in
DISCUSSION
The Both electron microscopy and restriction mapping indicate that the rDNA segments distal to the 26S gene are heterogeneous in length. Sizing of restriction cleavage products (Table 1) demonstrates that the rDNA terminal fragments vary by ±300 base pairs. The diffuse terminal restriction fragments produced by Bam H-I and Pst I are indicated by arrows 1n Fig 5. Polydispersity of the terminal Eco Rl fragment has previously been noted (9). The Pvu II cleavage map indicates that this heterogeneity is located within 0.6 kb of the ends of the molecule. This variability is similar in magnitude to the terminal fragment heterogeneity 1n the Tetrahymena rDNA palindrome, described by Blackburn and Gall (33). We find that regions of secondary structure form at the rONA termini during heating in formamide, as occurs either during R-loop hybridization or when rONA is similarly incubated in the absence of RNA. Such branchIng could be due to denaturation of A-T rich regions at the termini followed by folding back of inverted repeats. Alternatively, kinking at termini could be a manifestation of single-strand segments at the ends. Such singlestrand ends have not previously been detected 1n rDNA electron micrographs prepared 1n the absence of formamide (8) . Their formation upon heating in formamide could conceivably be facilitated by a loss of small DNA fragments created by nicks in one strand near the terminus of the rDNA duplex. Multiple single-strand nicks have been observed near the Tetrahymena rDNA termini (33). It will be of interest to examine the DNA sequence at the termini of the rDNA palindrome, as well as any possible role of these termini 1n chromosomal insertion of rDNA sequences during the Physarum life cycle.
